The molecular basis of epileptogenesis is poorly characterized. Studies in humans and animal models have identified an electrophysiological signature that precedes the onset of epilepsy, which has been termed fast ripples (FRs) based on its frequency. Multiple lines of evidence implicate regions generating FRs in epileptogenesis, and FRs appear to demarcate the seizure onset zone, suggesting a role in ictogenesis as well. We performed gene expression analysis comparing areas of the dentate gyrus that generate FRs to those that do not generate FRs in a well-characterized rat model of epilepsy. We identified a small cohort of genes that are differentially expressed in FR versus non-FR brain tissue and used quantitative PCR to validate some of those that modulate neuronal excitability. Gene expression network analysis demonstrated conservation of gene co-expression between non-FR and FR samples, but examination of gene connectivity revealed changes that were most pronounced in the cm-40 module, which contains several genes associated with synaptic function and the differentially expressed genes Kcna4, Kcnv1, and Npy1r that are down-regulated in FRs. We then demonstrate that the genes within the cm-40 module are regulated by seizure activity and enriched for the targets of the RNA binding protein Elavl4. Our data suggest that seizure activity induces co-expression of genes associated with synaptic transmission and that this pattern is attenuated in areas displaying FRs, implicating the failure of this mechanism in the generation of FRs.
Introduction
The epileptogenic regions of both patients with temporal lobe epilepsy (TLE) and animal models of TLE display abnormal electrophysiological oscillations between 250 and 600 Hz, which have been termed fast ripples (FRs) (Bragin et al., 1999; Staba et al., 2002) . Within the dentate gyrus of animals with TLE, FRs can appear before the onset of epilepsy and have not been observed in non-epileptic animals, suggesting that they may reflect pathological mechanisms involved in epileptogenesis (Bragin et al., 2000) . In patients with epilepsy, FRs have been shown to reliably demarcate the seizure onset zone (Jacobs et al., 2008) . In addition, surgical resection of regions generating FRs is a better predictor of seizure freedom than resection of the seizure onset zone itself (Jacobs et al., 2010) , demonstrating that FRs may play a role in ictogenesis. Therefore, understanding the cellular and molecular alterations that occur in areas generating FRs may provide insight into the key processes of epileptogenesis and ictogenesis in TLE.
In the hippocampus of non-epileptic animals, there are physiological oscillations between 120 and 200 Hz that occur during immobility or slow wave sleep (Buzsaki et al., 1992) . Therefore, it has been suggested that FRs are related to these sharp-wave ripple oscillations. However, physiological sharp-wave ripples have been shown to be dependent on inhibitory post-synaptic potentials (Buzsaki et al., 1992; Ylinen et al., 1995) , whereas areas generating FRs are enlarged when inhibitory transmission is blocked (Bragin et al., 2002) . Recent evidence suggests that FRs represent abnormal population spikes within the dentate gyrus (Bragin et al., 2011; Ibarz et al., 2010) . However, the cellular dysregulation and network abnormalities that cause this behavior are unknown.
Studies examining the molecular mechanisms underlying FRs have been difficult because FRs are not diffusely distributed throughout the epileptic hippocampus, but are generated by small clusters of neurons surrounded by large areas of tissue that do not generate FRs. However, Neurobiology of Disease 78 (2015) [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] 
